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Abstract 
Stilling basins can be defined as energy dissipaters constructed of the irrigation systems. This study aims at investigating 
the performance of the new seven baffle blocks design in terms of reducing the dimensions of stilling basins in irrigation 
systems. In order to assess the hydraulic efficiency of a new model for baffle block used in stilling basins, a Naval 
Research Laboratory (NRL) has conducted. The results of this study demonstrate that the performance of the new baffle 
block, in term of hydraulic jump length reduction and hydraulic energy dissipation, it's better than standard blocks. 
However, the ratios of the drag resistance attributed to the new baffles block (FB / F2) have been larger than that applied 
on the normal block. It was found that the new block dissipates the energy by 9.31% more than the concrete block, and 
decreases the length of the hydraulic jump by 38.6% in comparison with the standard blocks. However, the new block 
maximizes the drag force ratio by 98.6% in comparison with the standard baffle blocks. The findings indicated that in 
terms of energy reduction and dissipation in the length of the hydraulic jump, the new block is superior to the other 
kinds. 
Keywords: Baffle Blocks; Stilling Basins; Energy Dissipation; Spillway; Hydraulic Jump. 
 
1. Introduction 
Stilling basins can be defined as energy dissipaters constructed downstream of the irrigation systems (such as 
chutes and spillways). The dimensions of these dissipaters mainly depend on the hydraulic jump characteristics. 
Normally, the stilling basins have large dimensions, which means they require large areas and the construction costs 
are high. For example, Samadi-Boroujeni et al. (2013) investigated the characteristics of hydraulic jump in a 
rectangular cross-section flume over six triangular corrugated beds. Results showed that the folded bed influenced the 
conjugate depths of the hop and the water-powered hop length to be reduced by 25% and 54.7% separately [1]. The 
creators showed that the amazed beds were superior to the separated ones as far as diminishing the sequent 
profundities and length of bounce. As of late, the idea of astound squares has been utilized in cutting edge water 
treatment units to blend water and disseminate the unreasonable vitality [2-5]. 
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In the skimming flow regime, enhanced energy dissipation has been studied by many researchers who focused on 
stepped chutes operating, such as Takahashi and Ohtsu (2012), Hunt et al. (2014) and Chanson (2015) [6-9]. Specific 
characteristics of stilling basins Type III at the ends of steeply sloping stepped chutes were investigated by several 
researchers, such as Meireles et al.(2014) [10]. The major results of this study are that the hydraulic jump downstream 
of a stepped chute stabilized much faster than in a Type I stilling basin. Several empirical methods are available to 
provide the sequent depths and Froude number at stilting basins [11-13]. 
Ellayn and Sun (2012) showed that relative to those with flat floors, the change in the duration of the leap and the 
ratio of the longitudinal depths are 30 to 50% and 16.5 to 30% respectively. In this analysis, the importance of 
Reynold's number (Re) can be ignored since, as in Abdeen et al. (2015), the viscous force usually has an almost 
negligible effect in hydraulic jumping and open path [14, 15]. Ezizah et al. (2012) studied the impact on the hydraulic 
jump length of the increase in strength and roughness length parameters [16]. Valero et al. (2015) have recently 
numerically analyzed the effects of chute blocks on both the length and stability of the hydraulic jump for both adverse 
conditions and design. The model established showed a good ability to replicate the change in the stability and length 
of the hydraulic jump [17].  
Tiwari et al. (2011) reviewed the impact of end sill on the performance of non-circular pipe outlet models in the 
stilling basin.  The authors found that under the same flow conditions, the triangular end sill has a better performance 
than other end sill types [18]. Some previous studies have also announced comparative perception, Tiwari et al. (2013) 
deconstructed the hypothetically and experimentally submerged water-driven bounce framed in an outspread stilling 
basin furnished with a sudden drop. The authors have identified that the sill reduces the heaviness of the gate and 
operation constrain, and then the gate turns out to be more monetary [19]. 
Abdelhaleem (2013) performed the prediction of the downstream scour geometry of a Fayoum style weir and the 
minimization of the scour using a semi-circular block row. The method discussed in this study is anything but hard to 
use as an external part of existing water systems in order to limit downstream scouring of these structures. Including 
various statures and positions of puzzle obstructs of various stream situations, a hundred and 53 runs are performed.  
An instance of a level floor without confuses was observed for the test program to measure the impact of using the 
bewilder docks. The results are analyzed and graphically presented, and the scour parameters were measured with 
clear formulae [20]. 
Mohamed et al. (2015) focused on the experimental study of the impact of the sill over the case study Nagaa 
Hammadi regulator stilling basin on the duration of the reverse flow behind the sill, the pace at the end of the stilling 
basin, the dissipation of water, the length of the submerged hydraulic hop and the shape of the scour downstream 
regulator apron.  It is observed that the sill over the stilling basin has a great effect on the characteristic of the flow and 
the depth of the local scour shaped downstream operator, especially for the upstream and downstream sill with correct 
and slopped faces.  It also indicates that, as the submersion ratio and the Froude amount rise, the reverse flow length 
downstream sill decreases. Additionally, utilizing sill with correct upstream and slopped downstream face with Ls/ 
L=0.6 cuts the duration of the submerged hydraulic hop by a total of 59 percent, contributing to a reduction in the 
length of the stilling lake. The Regional depth of scouring downstream hydraulic systems has been decreased by 43% 
[21]. In addition, Elsaeed et al. (2016) investigated the effect of calming basin shapes with different end-stage heights 
on the characteristics of the submerged hydraulic jump and the energy dissipation downstream of the radial gate and 
obtained a clear match of the results from the length of the velocity analysis and jump [22].   
Abdelhaleem (2017) experimentally investigated the submerged flow through radial gates with and without a gate 
sill. He finished up the negative impact of sills under submerged radial gates and legitimized the nearby scour marvels 
that occurred promptly downstream the stilling basin of some current submerged radial gates with a gate sill in Egypt 
[23].  
For submerged hydraulic jumps with cylinders, Alirezaet et al. (2014) studied the time-averaged properties of the 
two flow regimes. The mean stream area, the root of the maximum longitudinal velocity and mass vitality dispersal 
were investigated and the redirected surface fly (DSJ) method was seen to be more effective than the re-attaching 
divider fly (RWJ) stream systems in that the longitudinal portion of the velocity and dispersing the overabundance 
vitality of the approaching current; This study obtained a wide range of stream criteria, but the mid-value of quantities 
by program was reduced to time-finding. This information could then not be used to evaluate the choppiness spatial 
and temporal properties within the two stream structures. Such a knowledge collection; for example, spatial and 
transient time arrangement within a submerged hop with squares of the aggressive stream property [24]. 
An experimental study was conducted by Ibrahim (2017) to explore the impacts of block shapes on the downstream 
flow pattern of a radial wall, the tests showed that the blocks had a strong ability to limit the disconnected effect of the 
downstream flow pattern [25]. According to the study of Ali et al. (2018), which found that using the baffle block 
induced a decrease in the sequential depth ratio, the duration of the hop ratio and the length of the roller, but the 
energy dissipation ratio improved [26]. Jaafar et al. (2018) stated that the best performance could be obtained with the 
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use of two row design of regular USBR baffle blocks with a blockage ratio of 50 and 375 percent, respectively, and at 
defined distances by the sequential depth next to the velocity to be spread almost evenly across the basin range [27]. 
Al-Husseini (2016) demonstrated that the dissipation of flow energy declines as the flow rate rises, and the rough 
phase spillway surface is more efficient compared to other low or high flow surfaces [28]. 
In this context, the current study focused on investigating the performance of the new design of seven baffle blocks 
in terms of reducing the dimensions of stilling basins in irrigation systems. Additionally, the performance of these new 
baffle blocks has been compared to the performance of standard types of baffle blocks. In order to assess the hydraulic 
efficiency of a new design for baffle blocks used in stilling basins, a naval laboratory study was carried out. This 
experimental seven blocks performance was contrasted with normal trapezoidal blocks performance. Using the 
dimensional analysis technique, the dimensional parameters of the hydraulic performance of the new baffle block and 
the drag force used were analyzed. 
2. Material and Methods 
2.1. The Studied Baffle Blocks 
A new seven baffle blocks with standard trapezoidal baffle block have been manufactured, at the University of 
Babylon at the Laboratory of the Faculty of Engineering, using local wood according to U.S.B.R recommendations. 
Then, these blocks were painted using a waterproof paint to prevent water leakage that could distort their shape. The 
studied traditional type of baffle block has a trapezoidal-shaped section with external dimensions of 6.2 cm in width 
and 5.5 cm in height. The internal sides are inclined by 9
o
, which makes the net height of the short side 3.5 cm, Figure 
1 (A). The new seven baffle blocks were a V-shaped block with an interior angle of 30
o
 (V30) (vertical and horizontal 
angle), a V-shaped block with an interior angle of 20
o
 (V20) (vertical and horizontal angle), a V-shaped block with an 
interior angle of 10
o
 (V10) (vertical and horizontal position), and Semi-Cylinder block (SC).  
2.2. Experimental Set Up 
Experimental work was carried out using a rectangular open tilting flume made from Perspex. The flume is 17.50 
m in length, 0.30 m in depth and 0.30 m in width, and has a bed slope of 1:6. It is supplied with a spillway, 0.355 m in 
stature, installed at 6.50 m upstream of the flume. Water depth and scour opening have measured by utilizing points 
gage, with accurateness of 0.1 mm, mounted on an aluminum frame that could be moved in both directions, vertically 
and horizontally along the bed of the flume. The scour gap area and length were accurately measured using a scale 
installed on the flume inner wall. The downstream water depth was controlled by a tailgate. The Plan and location of 
the baffle of the flume are shown in Figures 1 and 2. It is located after spillway location about 0.5 m. 
 
A) Standard Baffle Block B) V30 C) V20 
D) V10 E) SC 
Figure 1. The Studied Baffle Blocks 
Civil Engineering Journal         Vol. 6, No. 5, May, 2020 
964 
 
 
 
Figure 2. Experimental flume (a) Longitudinal section view and (b) Plan view [31] 
2.3. Theoretical Approach  
The experimental work was initiated by installing three blocks of each of the seven types of baffle blocks inside the 
flume. Then, the following parameters were measured under different discharge rates between (18 and 28) l/s to ensure 
an initial Froude number between (6.5 and 9.2): 
1) Discharge and Water depth before ogee spillway; 
2) Water depth before hydraulic jump (Y1); 
3) Water depth after hydraulic jump (Y2); 
4) Length of hydraulic jump (Lj); 
5) The initial (V1) and final (V2) velocity at Y1 and Y2 respectively. 
The following procedure and calculations should be performed: 
1. Check the accuracy of both the initial (V1) and final (V2) velocities by applying continuity equation: 
𝑉 =  𝑄/𝑌𝐵                                                            (1) 
 
Where: V= initial and final velocity (m/s); Q= discharge (m
3
/s); B= flume width (m); and Y= depth of flow (m). 
2. Compute the velocity heads (hv1, hv2) from the Equation 2: 
ℎ𝑣 =  𝑣
2/2𝑔                         (2) 
 
Where: hv= velocity head; hv1, hv2 before and after hydraulic jump (m), V= velocity (m/s), g= acceleration (m/s
2
). 
3. Compute the initial and final Froude number: 
𝐹𝑟1  =  𝑉1/(𝑔𝑌1)
0.5                       (3) 
𝐹𝑟2  =  𝑉2/(𝑔𝑌2)
0.5                                                                                          (4) 
Where: Fr1 and Fr2= initial and final Froude number (dimensionless), respectively; V1 and V2= initial and final velocity 
(m/s); and Y1 and Y2= Water depth before and after hydraulic jump (m) respectively. 
4. Compute the total energy at position Y1 and Y2: 
𝐸𝑖  =  𝑌𝑖  +  𝑉𝑖
2 /2𝑔  𝑖 =  1, 2                     (5) 
Where: Ei= kinetic energy at position Y1 and Y2 (m); Yi: Water depth before and after hydraulic jump (m); Vi= initial 
and final velocity (m/s). 
5. Compute dissipated kinetic energy (ΔE): 
𝛥𝐸/𝐸1 =  (𝐸1 –  𝐸2)/𝐸1                                    (6) 
 
Where: ΔE= dissipated kinetic energy (dimensionless); E1= kinetic energy before hydraulic jump (m); and E2= kinetic 
energy after hydraulic jump (m) 
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6. Compute pressure force of water behind hydraulic jump FB: 
𝛾.
𝑌1
2
2
 - 𝛾.
𝑌2
2
2
 - 
𝐹𝑏
𝐵
 = 𝜌. 𝑉2
2. 𝑌2 - 𝜌. 𝑉1
2. 𝑌1                                  (7) 
Where: FB: pressure force (kN), γ and ρ are weight and mass density (kN/m
3
, kg/m
3
), respectively. 
7. Compute drag force (F2): 
𝐹2 =  𝛾 𝑌2
2/2                                                                 (8) 
 
Where: F2= drag force (kN); γ= weight density (kN/m
3
); Y2 =Water depth after hydraulic jump (m).  
Although other variables that influence the drag force it is mainly influenced by the depth of the water. Thus, 
during the experimental work, the impact of this factor was considered in the current study. Drag force on baffle 
blocks (dissipated kinetic energy (ΔE) is a function of different variables; therefore, a dimensional analysis was 
conducted to generate non-dimensional equations, which in turn are functions for the ratio of (ΔE/E1) or (FB/F2) 
where flow is turbulent in all laboratory experiments [29, 30]. The following equations show the non-dimensional 
variables: 
ƒ1(𝐹𝑟1, 𝐹𝑟2, 𝑤/ℎ𝑏 , 𝑋𝑏/ℎ𝑏 , 𝐿𝑗/𝑌1, 𝑡𝑎𝑛 𝜃ℎ)  =  0                    (9) 
ƒ2(𝐹𝑟1, 𝐹𝑟2, 𝑤/ℎ𝑏 , 𝑋𝑏/ℎ𝑏 , 𝐿𝑗/𝑌1, 𝑡𝑎𝑛 𝜃𝑣)  =  0                  (10) 
ƒ3(𝐹𝑟1, 𝐹𝑟2, 𝑤/ℎ𝑏 , 𝑋𝑏/ℎ𝑏 , 𝐿𝑗/𝑌1, 𝑟/ℎ𝑏)  =  0                                (11) 
Where: Fr1= Froude number upstream of the jump; Fr2 = Froude number downstream of the jump, F2 = drag force 
(kN), w :width of baffle blocks (m), Xb= distance between baffle blocks and initial of hydraulic jump (m), hb= height 
of baffle blocks (m), (Lj)= Length of hydraulic jump (m), Y1= Water depth before hydraulic jump (m), r= radius of 
cylinder baffle blocks (m); and (θh, θv)= horizontal and vertical positions, respectively (degrees). 
3. Experimental Procedure and Measurement 
Seven various forms of baffle piers have been examined downstream of the spillway models as energy dissipators. 
There have been a total of 120 races. Consideration was granted to six separate discharges (Q= 19.62, 17.75, 16.33, 
12.5, 10.7 and 6.50 l/s). The spillway was used for each release one fixed water depth Y2 downstream. All the models 
used were arranged in the flume to have almost a comparable conduit that was roughly 40%. The downstream water 
depth is the column area of the perplex wharfs model from the toe of the spillway (X0) and (Y2). The operation courses 
and dimensions of the spillway and various flume parts are shown in Figure 1. Point by point and course of action of 
the tried and tested amazing models are shown in Figure 2. 
Since the hydraulic jump in the stilling basin should be formed steadily for the given discharge, the Froude number 
of the approaching stream Fr1 should be confined to prevent the deep waviness and precariousness of the water 
surface. Tests of the research facility show that if Fr1 reaches 6.5 to 9.2. 
Runs were started with a first feeding backwater until the depth of the downstream water reaches higher than the 
desired water depth of some discharge. Then, step by step, the upstream bolstering was started and balanced at that 
point. The back end was brought down slowly until the perfect downstream water depth Y2 was collected.  When there 
were no significant differences in measures of scour gap (it was seen from this research work that a run took around 2 
hours to reach a safe condition); the flume delta bolstering valve was shut down. Finally measurements of scour 
opening were determined using a point test and scale. 
The water level calculations were made in the flume's three dimensional axes. The hydraulic characteristics, 
dimensions, and spacing of each individual baffle block are identical for a comparative performance between the 
tested baffle blocks. To insure so, downstream water levels are raised, just as the pipeline is held steady to seek. For 
each perplex rectangle, the go of the conduit is about 40 percent. The conceptual models of bewildering docks that 
have bended surfaces give the impression that they are not constructible, yet they are feasible that they are effectively 
created from cement or steel. Again, the aim of this investigation is to propose another bewildering squares, but in 
addition to improving each other effectiveness. Figure 3 shows how to calculate the how to calculate hydraulics jump 
length. Figure 4 shows experimental procedure of this study 
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Figure 3. Calculate Hydraulic Jump Length 
 
Figure 4. Selected photos from experimental procedure 
4. Results and Discussion 
The effect of the form of the baffle blocks on the dissipation of electricity, the ratio of reduction in the duration of 
the hydraulic hop, and the ratio of the applied drag force on the baffle blocks was determined using Equations 9 to 11 
at Xb/Y1. 
4.1. Ratio of Kinetic Energy Dissipation 
The experimental work was initiated using the new shapes of blocks (V10, V20, and V30). These V-shaped blocks 
were installed in two different positions: horizontally and vertically. For the horizontal position, Figure 5 shows the 
relationship between the slope of the V-shaped baffle blocks and the ratio of energy dissipation for Froude numbers 
ranging between 6.5 and 9.2. It can be seen from this figure that the larger the slope of the block, the greater the 
dissipation of energy for all Froude number values. For example, at Fr= 6.5, the energy dissipation increased from 
2.42 to 7.09% as the slope increased from 10 to 30º. 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Relationship between slope of the interior angle of the V-shaped baffle blocks and ratio of energy dissipation (in a 
horizontal position) 
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A similar relationship between the slope value and the energy dissipation was noticed in the vertical position, as 
shown in Figure 6. For instance, at Fr = 6.5, the ratio of energy dissipation increased from 2.62 to 7.93% as the slope 
increased from 10 to 30º. However, it can be seen from Figures 5 and 6 that the energy dissipation ratio at the vertical 
position was greater than that at the horizontal position. For example, at Fr = 6.5 and slope of 30º, the energy 
dissipation ratio increased from 7.09% at the horizontal position to 7.93% at the vertical position. As a compared with 
Hayder (2017) which explain the average values of energy dissipation were computed and found to be 68.1% and 
60.4% for semi-circular rough elements and stilling basin Type I, respectively [31]. The semi-circular elements model 
M1 gave good results of reducing the scour-hole and consequently has good energy dissipation compared to most of 
the other models tested by Bestawy (2013) [32]. 
 
Figure 6. Relationship between slopes of the interior angle of the V-shaped baffle blocks and ratio of energy dissipation 
(in a vertical position) 
 Again, a similar trend was observed in the semi-cylinder baffle blocks in both vertical and horizontal positions, 
where it can be seen from Figure 7 that the energy dissipation ratio increased with the increase in the slope value for 
all Fr values. The gap between the vertical and horizontal locations was very minimal because the vertical portion of 
the flow will be mirrored at an angle of 180
o
 in the semi-cylinder baffle plates, i.e. the part will fully reflect the flow 
path causing high turbulence in the fluid. 
According to Abbas et al. (2018) [33] which describes the energy dissipation ratio (ΔE /E1) reduced by using the 
adverse slope instead of the horizontal slope, but using the double row of the baffle model (D) at the adverse slope to 
increase the efficiency of the stilling basin and to convert the energy dissipation reduction to benefit, the average gain 
in the slope (-0.06) ratio (ΔE/E1) reaches about 10.7% when using a double slope model (D) baffle instead of a smooth 
horizontal bed. But Jaafar and Maatooq (2018) [34] show that the double rows of the baffle block with a blockage 
ratio of 50 % and 37.5 %, respectively, were very successful in improving the hydraulic jump properties and, thus, the 
quieting basin efficiency.  
 
Figure 7. The relationship between slopes of the semi-cylinder baffle blocks and ratio of energy dissipation 
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4.2. Reduction of Hydraulic Jump Length 
Figure 8 shows the relationship between the slopes of the baffle block slopes, in the horizontal position, with the 
ratio of Lj/Y1 for Fr ranging between 6.5 and 9.2. A reverse relationship can be noticed between the length of the 
hydraulic jump and the baffle block slopes for all the studied values of Fr. For example, at Fr = 6.5 and horizontal  
position, the ratio of Lj/Y1 has decreased from about 18 to 9% as the slope increased from 10 to 30º. 
Figure 8. The relationship between slopes of the V-shaped baffle blocks, in a horizontal position, and ratio of Lj/Y1 
Figure 9 shows the relationship between the slopes of the baffle blocks, in the vertical position, and the ratio of 
Lj/Y1 for Fr ranging between 6.5 and 9.2. Again, a reverse relationship can be noticed between the length of the 
hydraulic jump and the baffle block slopes for all the studied values of Fr. as a compared with Abbas et al, (2018) the 
reduction in the hydraulic jump length is greater than 15% compared to that of the Lozenge type with the same 
conditions of Froude number range which was used by Bejestan and Neisi (2009) [33, 35]. As compared with Jaafar 
and Maatooq (2018), the average reduction in (Y2/Y1) ratio reaches to 18.3 %, while the average reduction in (Lj/Y1) 
ratio reaches to 38.1% when the double baffle model (D) at the adverse slope (-0.06) used instead of the horizontal 
smooth bed [34]. 
 
 
Figure 9. The relationship between slopes of the V-shaped baffle blocks, in a vertical position, and ratio of Lj/Y1 
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For the semi-cylinder baffle blocks, Figure 10 shows the relationship between the blocks’ slopes and the ratio of 
Lj/Y1 at different Fr values (6.5-9.2). It can be noticed that the relationship is similar to that of the V-shape baffle 
blocks for all the studied Fr.  
 
Figure 10. The relationship between slopes of the semi-cylinder baffle blocks and the ratio of Lj/Y1 
4.3. The Drag Force Applied on the Baffle Blocks 
Figures 11 and 12 shows the relationship between the ratio of FB/F2, at different Fr values, and the slope of the V-
shaped block at horizontal and vertical positions, respectively. These figures indicate a direct relationship between the 
ratio of FB/F2 and the slope of the V-shaped baffle blocks at both horizontal and vertical positions. For example, at 
horizontal position and Fr= 6.5, the ratio of FB/F2 increased from 43 to 82.6% as the slope increased from 10
0
 to 30
0
, 
respectively (Figure 11). Similarly, at vertical position and Fr = 6.5, the ratio of FB/F2 increased from 45.7 to 94.6% as 
the slope increased from 10 to 30
o
, respectively (Figure 12). 
 
Figure 11. The relationship between slopes of the V-shaped baffle blocks in a horizontal position and the ratio of FB/F2 
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Figure 12. Slopes of the semi-cylinder baffle blocks, in a vertical position, vs the drag force (FB/F2) 
Figure 13 shows the relationship between slopes of the semi-cylinder baffle blocks and the ratio of FB/F2 for Fr 
values ranging between 6.5 and 9.2. A direct relationship, for all Fr values, has been noticed between the slope of the 
baffle blocks and the ratio of FB/F2.  
 
Figure 13. Slopes of the semi-cylinder baffle blocks, in a horizontal position, vs the drag force (FB/F2) 
In addition, it can be noticed that the effect of the flow depth variations along the length of the stilling basins as 
shown in Figure 14. Finally, due to the recent development in the sensing technology [36, 37] and application of baffle 
plates in different water treatment facilities [38, 39], the authors recommend using sensing technologies to monitor the 
behaviour of drag force and water jumps, which will provide very useful information for future studies.  
 
Figure 14. Variation of flow depth along stilling basins 
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5. Conclusion 
With the change in the cutting angle of the baffle blocks in both horizontal and vertical locations, the amount of 
energy dissipation decreases with the frequency of Fr.  However, this increase in the vertical position is more than it is 
in the horizontal position under the same experimental conditions. Ratio of length of hydraulic jump to the initial 
depth (Lj/Y1) is inversely proportional to the cutting angle in both vertical and horizontal positions, and it is directly 
proportional to Fr value. Additionally, it has been found that the reduction ratio in hydraulic length in the vertical 
position is more than it is in the horizontal position under the same flow conditions. According the rules of energy 
conservation, the rate of force increasing should be proportionally to the rate of reductions of jump length. And Ratio 
of applied drag force on the baffle blocks (FB/F2) increases with the increase of cutting angle and the initial Fr value. 
The hydraulic performance and applied drag force on the semi-cylinder baffle blocks are similar to that of the 30 ͦ V-
shaped ones under the same conditions.  At the end, in this study drag coefficient values were identified in terms of the 
main Froude numbers for various baffle pieces. Results indicated that the drag coefficient values for the vertically cut 
blocks in the same flow conditions were smaller than the horizontally cut baffle blocks. However, the average values 
of the pressure exerted on the surface of the vertically cut baffle blocks were smaller than on other ones, making them 
better than others. 
6. Conflicts of Interest 
 The authors declare no conflict of interest.  
7. References  
[1] H. Samadi-Boroujeni, M. Ghazali, B. Gorbani, R. Fattahi Nafchi , "Characteristics of hydraulic jump on corrugated beds", 
Canadian Journal of Civil Engineering volume 40 issue 9 on (September 2013): 841-847. doi:10.1139/cjce-2012-0019 . 
[2] Hashim, K. S., Shaw, A., Al Khaddar, R., Ortoneda Pedrola, M.and Phipps, D." Defluoridation of drinking water using a new 
flow column-electrocoagulation reactor (FCER)" - Experimental, statistical, and economic approach. J Environ Manage, 197:  
(2017a) 80-88. doi:10.1016/j.jenvman.2017.06.075. 
[3] Hashim, K. S., Shaw, A., Al Khaddar, R., Pedrola, M. O.and Phipps, D." Energy efficient electrocoagulation using a new flow 
column reactor to remove nitrate from drinking water" - Experimental, statistical, and economic approach. J Environ Manage, 
196: (2017b) 224-233. doi:10.1016/j.jenvman.2017.03.017. 
[4] Hashim, K. S., Shaw, A., Al Khaddar, R., Pedrola, M. O. and Phipps, D. "Iron removal, energy consumption and operating cost 
of electrocoagulation of drinking water using a new flow column reactor". Journal of Environmental Management, 189: 
(2017c), 98-108. doi:10.1016/j.jenvman.2016.12.035. 
[5] Hashim, K. S., Khaddar, R. A., Jasim, N., Shaw, A., Phipps, D., Kota, P., Pedrola, M. O., Alattabi, A. W., Abdulredha, M.and 
Alawsh, R. "Electrocoagulation as a green technology for phosphate removal from River water". Separation and Purification 
Technology, 210, (2018),135-144. doi:10.1016/j.seppur.2018.07.056.  
[6] Takahashi, M., and Ohtsu, I. "Aerated Flow Characteristics of Skimming Flow over Stepped Chutes". Journal of Hydraulic 
Research, 50(4):(2012),427-434. doi:10.1080/00221686.2012.702859. 
[7] Hunt, S., Kadavy, K., and Hanson, G. "Simplistic Design Methods for Moderate-Sloped Stepped Chutes". J. Hydraul. Eng., 
volume 140 issue 12: (2014), page 04014062, doi:10.1061/(asce)hy.1943-7900.0000938 . 
[8] Hunt, S. L. and Kadavy, K. C. "Flow depth and energy coefficient relationships for stepped spillways." In: Hubert Chanson and 
Luke Toombes, Hydraulic structures and society - Engineering challenges and extremes. 5th IAHR International Symposium on 
Hydraulic Structures, Brisbane, Australia, (1-9). (June 2014) 25-27. doi:10.14264/uql.2014.25. 
[9] Chanson, H., Bung, D., and Matos, J. "Stepped spillways and cascades. In .Energy Dissipation in Hydraulic Structures". IAHR 
Monograph, CRC Press, Taylor & Francis Group, Leiden, The Nettherlands, H. Chanson Editor, pp. (2015) 45-64.  
doi:10.1201/b18441-4  
[10] Meireles I., Fabian A. Bombardelli, Jorge Matos, "Air Entrainment Onset in Skimming Flows On Steep Stepped Spillways" 
Journal of Hydraulic Research volume 52 issue 3, (4 May 2014), 375 to 385, doi:10.1080/00221686.2013.878401  
[11] Meireles, I., Renna, F., Matos, J. and Bombardelli, F.A." Skimming, Nonaerated Flow on Stepped Spillways over Roller 
Compacted Concrete Dams". Journal of Hydraulic Engineering, 138(10): (2012), 870-877. doi:10.1061/(asce)hy.1943-
7900.0000591  
[12] Bung, D.B. "Developing Flow in Skimming Flow Regime on Embankment Stepped Spillways". Journal of Hydraulic 
Research, 49(5), (2011): 639-648, doi: 10.1080/00221686.2011.584372 . 
[13] Pfister, M. and Hager, W.H." Self-entrainment of Air on Stepped Spillways". International Journal of Multiphase Flow, 37(2), 
(2011), 99-107. doi:10.1016/j.ijmultiphaseflow.2010.10.007.  
Civil Engineering Journal         Vol. 6, No. 5, May, 2020 
972 
 
 
[14] Ellayn A. F., and Zhi-lin Sun. "Hydraulic Jump Basins with Wedge-Shaped Baffles" .Journal of Zhejiang University-Science 
A (Applied Physics & Engineering) 13(7): (2012) 519-525. doi:10.1631/jzus.a1200037.  
[15] Abdeen M.A. , Abdin A.E., W. Abbas, "Simulation and prediction for energy dissipaters and stilling basins design using 
artificial intelligence technique", Cogent Engineering vol. 2 No. 1. (Mar 2015), doi.org/10.1080/23311916.2015.1018705.  
[16] Ezizah, G., N. Yousif and S. Mostafa,. "Hydraulic jumps on new roughened beds". Asian J. Applied Sci., 5: (2012) 96-106. 
doi:10.3923/ajaps.2012.96.106.  
[17] Valero,D.Garcia-Bartual,R.,and Marco, J. "Optimisation of Stilling Basin Chute Blocks Using a Calibrated Multiphase RANS 
Model". In Proc, 5thInternational Junior Researcher and Engineer Workshop on Hydrulic Structures. Spa, Belgium, 28-30, 
(August 2015).  
[18] Tiwari, H. L., A. Goel, and V. K. Gahlot. "Experimental study of sill controlled stilling basins for pipe outlet." International 
Journal of Civil Engg. Research 2, no. 2 (2011): 107-117. 
[19] Tiwari HL, Gahlot VK, Tiwari S." Reductionof scour depth downstream of pipe outletstilling basin using end sills. 
International Journal of Engineering Sciences. 2 (7), (2013): 20-25. 
[20] Abdelhaleem F.S. "Effect of semi-circular baffle blocks on local scour downstream clear-overfall weirs". Ain Shams 
Engineering Journal volume 4 issue 4, (2013) ,675–684. doi:10.1016/j.asej.2013.03.003. 
[21] Mohamed YA, Saleh YK, and Ali AM."Studying the effect of different configuration of sill over stilling basin on flow 
characteristics behind radial gate". (Case Study Naga Hammadi Regulator), JES, Assiut University, Faculty of Engineering, 43 
(3), (2015), pp311- 329.  
[22] Elsaeed GH, Ali AM, Abdelmageed NB, and Ibrahim AM. " Effect of End Step Shape in the Performance of Stilling Basins 
Downstream Radial Gates". Journal of Scientific Research & Reports, 9 (1): (2016) pp1:9. doi:10.9734/jsrr/2016/21452.  
[23] Abdelhaleem F.S." Hydraulics of submerged radial gates with a sill", ISH Journal of Hydraulic Engineering volume 23 issue 2: 
(2017): 177-186. doi:10.1080/09715010.2016.1273798.   
[24] Habibzadeh, Alireza, Mark R. Loewen, and Nallamuthu Rajaratnam. “Mean Flow in a Submerged Hydraulic Jump with Baffle 
Blocks.” Journal of Engineering Mechanics 140, no. 5 (May 2014): 04014020. doi:10.1061/(asce)em.1943-7889.0000713. 
[25] Ibrahim M. M,"Improve the Efficiency of Stilling Basin Using Different Types  of Blocks". American Journal of Engineering 
Research (AJER), Volume-6, Issue-8, (2017) pp-295-304.  
[26] Ali Abbas, Haider Alwash and Ali Mahmood," Effect of baffle block configurations on characteristics of hydraulic jump in 
adverse stilling basins", MATEC Web of Conferences 162, (2018), 03005. doi.org/10.1051/matecconf/201816203005  
[27] Jaafar S. Maatooq & Enass R. Taleb,"The Effects of Baffle Blocks Locations and Blockage Ratio on the Sequent Depth and 
Velocity Distribution of Forced Hydraulic Jump", 7th International Symposium on Hydraulic Structures, Aachen, Germany, 
15-18 May. (2018). 
[28] Al- Husseini T. R., "A Novel Experimental Work and Study on Flow and Energy Dissipation over Stepped Spillways, Journal 
of Babylon University, Engineering Sciences, No. (4), Vol. (24), (2016). 
[29] Alsabawi, E.I." Hydrulic Performance of stilling basins of unconventional attachments". MS.c.in civil engineering department, 
engineering collage, Tikret University, Iraq, (2002). 
[30] Sabbagh-Yazdi, Saeed-Reza, and Majid Bavandpour. “Numerical Experiments on Using Incline Collar Rings for Controlling 
Mean and Fluctuating Forces on Circular Bridge Piers.” Journal of Fluids and Structures 91 (November 2019): 102696. 
doi:10.1016/j.jfluidstructs.2019.102696.  
[31] Hayder, A.M. “A Laboratory Study on Stilling Basin with Semicircular Rough Bed Elements ", Jordan Journal of Civil 
Engineering, Volume 11, No. 2, 2017.  
[32] Bestawy, Ashraf. "New shapes of baffle piers used in stilling basins as energy dissipators." Asian Trans. Eng. (ATE) 3, no. 1 
(2013): 1-7. 
[33] Abbas A., Alwash A., Mahmood A., " Effect of baffle block configurations on characteristics of hydraulic jump in adverse 
stilling basins", MATEC Web of Conferences volume 162 on page 03005(2018). doi:10.1051/matecconf/201816203005.  
[34] Jaafar S. Maatooq, Enass R. Taleb," The Effects of Baffle Blocks Locations and Blockage Ratio on the Sequent Depth and 
Velocity Distribution of Forced Hydraulic Jump", 7th International Symposium on Hydraulic Structures Aachen, Germany, 
15-18, (May 2018). 
[35] Bejestan, M.S., and Neisi, K. "A new roughened bed hydraulic jump stilling basin". Bejestan, M.S., and Neisi, K. “A new 
roughened bed hydraulic jump stilling basin”. Asian J. of Applied Sci., 2 (5), (2009) 436-445, 
doi:10.3923/ajaps.2009.436.445.  
Civil Engineering Journal         Vol. 6, No. 5, May, 2020 
973 
 
 
[36] Ryecroft, Samuel, Andrew Shaw, Paul Fergus, Patryk Kot, Khalid Hashim, Adam Moody, and Laura Conway. “A First 
Implementation of Underwater Communications in Raw Water Using the 433 MHz Frequency Combined with a Bowtie 
Antenna.” Sensors 19, no. 8 (April 16, 2019): 1813. doi:10.3390/s19081813. 
[37] Teng, Kah, Patryk Kot, Magomed Muradov, Andy Shaw, Khalid Hashim, Michaela Gkantou, and Ahmed Al-Shamma’a. 
“Embedded Smart Antenna for Non-Destructive Testing and Evaluation (NDT&E) of Moisture Content and Deterioration in 
Concrete.” Sensors 19, no. 3 (January 28, 2019): 547. doi:10.3390/s19030547. 
[38] Hashim, Khalid S., N H Al-Saati, Saif Salah Alquzweeni, Salah L. Zubaidi, Patryk Kot, L. Kraidi, Ameer H. Hussein, Rafid 
Alkhaddar, Andy Shaw, and Reham Alwash. “Decolourization of Dye Solutions by Electrocoagulation: An Investigation of 
the Effect of Operational Parameters.” IOP Conference Series: Materials Science and Engineering 584 (August 15, 2019): 
012024. doi:10.1088/1757-899x/584/1/012024.  
[39] Hashim, Khalid S., Ibijoke Adeola Idowu, Nisreen Jasim, Rafid Al Khaddar, Andy Shaw, David Phipps, P. Kot, et al. 
“Removal of Phosphate from River Water Using a New Baffle Plates Electrochemical Reactor.” MethodsX 5 (2018): 1413–
1418. doi:10.1016/j.mex.2018.10.024. 
 
